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SPECIFICATION 

TITLE OF THE INVENTION 

VEHICLE OCCUPANT PROTECTION SYSTEM 
TECHNICAL FIELD 
5 The present invention relates to a vehicle occupant protection system, 

and in particular to a vehicle occupant protection system which can reduce a 
deceleration acting upon a vehicle occupant at the time of a vehicle crash. 
BACKGROUND OF THE INVENTION 

In recent years, various proposals have been made in regard to 
10 automotive vehicle body structures to maximize the protection of vehicle 

occupants at the time of a vehicle crash. For instance, proposals have been made 
to minimize the deceleration of the part of the vehicle body occupied by vehicle 
occupants by properly selecting the defonnation of the remaining part of the 
vehicle body, and preventing the fonnei part of the vehicle body from deforming 
15 (see Japanese patent laid open publication No. 7-101354, for instance). 

When a vehicle occupant is restrained to the seat by a seat belt, the 
forward inertial force acting upon the vehicle occupant at the time of a vehicle 
crash starts rising only after the vehicle occupant is fully restrained by the seat 
belt. Because the seat belt inevitably has a certain resiliency, the deceleration 
20 acting on the vehicle occupant reaches a maximum level when the vehicle 
occupant is thrown forward, and the maximum elongation of the seat belt has 
occurred. The maximum level is higher as the forward movement of the vehicle 
occupant under the inertial force increases, and is known to substantially exceed 
the average deceleration of the vehicle body. Therefore, to niinimize the impact 
25 which the vehicle occupant receives at the time of a vehicle crash, it is necessary 
to minimize the time delay in the rise in the deceleration of the vehicle occupant 
with respect to the deceleration of the vehicle body. 

However, it is generally impossible to integrally attach a vehicle 
occupant to a vehicle body, and is therefore difficult to reduce the deceleration of 
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the vehicle occupant in the case of small passenger cars which do not provide 
adequate deformation strokes of the parts of the vehicle body other than the part 
occupied by the vehicle occupant only with conventional approaches which 
essentially consist of attempts to reduce the deceleration of the passenger 
5 compartment by controlling the deformation mode of the vehicle body. 
BRIEF SUMMARY OF THE INVENTION 

In view of such problems of the prior ait, a primary object of the present 
invention is to provide a vehicle occupant protection system which allows the 
peak deceleration acting upon a vehicle occupant at the time of a vehicle crash to 
10 be minimized for a given deformation stroke of the vehicle body. 

A second object of the present invention is to provide a vehicle occupant 
protection system which allows the deceleration acting upon the vehicle occupant 
at the time of a vehicle crash to be spread over time so as to minimize the peak 
deceleration acting upon the vehicle occupant 
15 A third object of the present invention is to provide a vehicle occupant 

protection system which allows the peak deceleration acting upon the vehicle 
occupant to be minimized even though the size of the vehicle body is limited. 

A fourth object of the present invention is to provide a vehicle occupant 
protection system which is simple in structure, and may consist of strictly passive 
20 elements. 

According to the present invention, these and objects can be 
accomplished by providing a vehicle occupant protection system, comprising: a 
seat which is fitted with a seat belt, and supported on a vehicle body so as to be 
slidable in a direction of an input crash load resulting from a vehicle crash; a first 
25 member which is connected to the seat and adapted to deform under the crash 
load while supporting an inertia! force of the seat upon occurrence of a vehicle 
crash; a second member which is connected to a main part of the vehicle body 
and adapted to deform under the crash load while supporting an inertial force of 
the vehicle body; and means for applying a forward force to the seat relative to 
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the vehicle body with a certain time delay after the occurrence of the vehicle 
crash; the first member being adapted to substantially deform only after the 
forward force is apptied to the seat upon occurrence of a vehicle crash. 

Because the second member deforms upon the occurrence of a vehicle 
5 crash while the first member resists deformation during an early phase of the 
crash, the restraining capabtfity of the seat belt is enhanced by applying to the 
seat a deceleration higher than the vehicle body deceleration during the early 
phase of the vehicle crash. Thereafter, a force opposite in direction to the crash 
load is applied to the seat so that the forward inertial force acting on the vehicle 
10 occupant is canceled, and the equalization of the decelerations of the vehicle 
body and the vehicle occupant is achieved in an early stage of the crash. 

In a preferred embodiment only consisting of passive elements, the 
forward force applying means comprises a stopper provided in the vehicle body, 
and adapted to abut the seat when the second member has deformed by a 
15 prescribed stroke. Alternatively, the forward force applying means comprises an 
actuator which, for instance, may be activated by a signal from a deceleration 
sensor. The seat is typically fixedly mounted on a moveable floor which is 
connected to the first member. The first member may comprise a side beam, and 
the second member may comprise a main frame. 
20 BRIEF DESCRIPTION OF THE DRAWINGS 

Now the present invention is described in the following with reference to 
the appended drawings, in which: 

Figure 1 is a schematic view of a vehicle body embodying the present 
invention; 

25 Figures 2a to 2c are diagrammatic sectional side views showing the 

process of a vehicle crash; 

Figure 3 is a graph showing the time histories of deceleration at the time 
of the vehicle crash; and 

Figure 4 is a schematic sectional side view of a vehicle body given as 
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another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 schematically illustrates a vehicle body structure embodying the 
present invention. This vehicle body structure is divided into a main frame 1 
5 extending in the fore-and-aft direction of the vehicle body, and a moveable floor 
2 which is attached to the main frame 1 so as to be moveable in the rearward 
direction from an initial position over a certain stroke. In this embodiment, the 
seat 3 and the seat belt 4 are fixed to the moveable floor 2. 

The front end of each side portion of the moveable floor 2 is connected a 
10 side beam 5 which extends toward the front end of the vehicle body. In this 
embodiment, the front portion la of the main frame 1 also extends toward the 
front end of the vehicle body in parallel with the side beam 5. 

A part of the vehicle body opposing the rear end of the moveable floor 2 
is provided with a stopper 6 for limiting the rearward movement of the moveable 
15 floor 2. The stopper 6 is provided with a buffering force generating means 7 
which for instance may consist of a honeycomb structure. 

Hie front portion la of the main frame 1 and the side beam 5 of the 
moveable floor 2 both undergo a compressive deformation under the crash load at 
the time of a vehicle crash, and thereby perfonn the function of reducing the 
20 deceleration acting on the passenger compartment of the vehicle. 

Now the mode of operation of the system of the present invention is 
described in the following with respect to a case of a frontal crash onto a fixed 
structure on the road with reference to Figures 2 and 3. 

The deformation of the vehicle body starts from the deformation of the 
25 front portion la of the main frame 1 and the side beam 5 of the moveable floor 2 
at the moment of a vehicle crash. Because the mass of the moveable floor 2 is 
substantially small as compared with the deformation stress that is produced in 
the side beam 5, the moveable floor 2 starts decelerating earlier at a deceleration 
level which builds up more rapidly and sharply (interval a of Figure 3) than the 
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main frame 1. Thus, the moveable floor 2 apparently moves rearward or in the 
opposite direction of motion at the time of the vehicle crash relative to the 
passenger compartment lb of the main frame 1 which continues to move forward 
due to the compressive deformation of the front portion la thereof (Figure 2a). 

Under this condition, the vehicle occupant 8 moves forward under the 
inertial force, but because the seat 3 which is integral with the moveable floor 2 
instantly moves rearward with respect to the passenger compartment lb of the 
main frame 1, the restraining force of the seat belt 4 on the vehicle occupant 8 
increases, and the forward movement of the vehicle occupant 8 is restrained. 

During an intermediate phase of the crash, the rear end of the moveable 
floor 2, which has been subjected to a large deceleration due to the resistance of 
the side beam 5 against deformation, strikes upon the stopper 6 of the main frame 
1 which continues to move forward due to the compressive deformation of the 
front portion la thereof (Figure 2b). As a result, the inertial force of the passenger 
compartment lb of the main frame 1 is transmitted to the moveable floor 2 so that 
the moveable floor 2 continues to move relative to the main frame 1 until the 
deformation of the buffering force generating means 7 of the stopper 6 is 
completed, and the relative speed between the main frame 1 and the moveable 
floor 2 is thereby reduced to zero. Thus, the forward acceleration at the time of 
the vehicle crash is transmitted to the moveable floor 2, and cancels the forward 
inertial force acting on the vehicle occupant 8 (interval b of Figure 3). 

During the final phase of the crash, the deceleration level sharply rises 
when the deformation stress of the side beam 5 is added to the deformation stress 
of the front portion la of the main frame 1 (interval c of Figure 3), and the 
passenger compartment lb of the main frame 1 and the moveable frame 2 jointly 
decelerate (Figure 2c). Then, the relative speed between the passenger 
compartment lb of the main frame 1 and the moveable frame 2 is reduced to zero 
as a result of the above described process, and the restraining load of the seat belt 
4 balances out with the deceleration level of the vehicle occupant 8 during the 
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final phase of the crash so that the passenger compartment lb of the main frame 1 
and the moveable frame 2 jointly decelerate, and this state is maintained until the 
vehicle body comes to a complete stop (interval d of Figure 3). 

It is an important factor to minimize the vehicle occupant deceleration in 
5 view of reducing the impact which is sustained by the vehicle occupant 8 at the 
time of a vehicle crash. However, the vehicle occupant deceleration can be 
reduced from the level of the prior art if the time history of deceleration is 
effected (as indicated by the solid lines in Figure 3) in such a manner that a 
deceleration which is higher than the average vehicle body deceleration is applied 
10 to the seat 3 for a short period of time during an early phase of a vehicle crash, 
and following a short interval of applying a reverse deceleration to the seat 3, a 
same deceleration as the average vehicle body deceleration is applied to the seat 3. 
Thus, for a given deformation stroke of the vehicle body, the vehicle occupant 
deceleration can be reduced from that of a vehicle not equipped with the system 
15 of the present invention as indicated by the broken lines in Figure 3. 

To enhance the effect of the present invention which was described 
above, it is preferable to suitably select the mechanical strengths of the front 
portion la of the main frame 1 and the side beam 5, the resilient property of the 
seat belt 4, the mechanical strength of the stopper 6 and the displacement of the 
20 moveable floor 2 so as to bring the relative speed between the vehicle occupant 8 
and the passenger compartment lb of the main frame 1 as close to zero as 
possible, and to balance out the restraining load of the seat belt 4 with the 
deceleration of the front portion la of the main frame 1 and the moveable floor 2 
during the final phase of the crash. 
25 Instead of the stopper 6 described above, it is also possible to provide an 

actuator 14 which includes a cylinder 11 fixedly attached to the main frame 1 and 
a piston rod 13 connected to the moveable floor 2 as shown in Figure 4, the 
piston rod 13 being adapted to be pushed out by high pressure gas produced from 
a gas generator 12 installed in the cylinder bottom. The gas generator 12 is 



ignited according to the deceleration of the moveable floor 2 or the rearward 
displacement thereof, and pushes back the moveable floor 2 in the forward 
direction. 

Thus, according to the present invention, a deceleration higher than the 
5 vehicle body deceleration is applied only to the seat during an early phase of a 
vehicle crash, and a force opposite in direction to the crash load is applied only to 
the side of the seat after a certain time delay. Therefore, a desired time history of 
deceleration is applied to the seat in such a manner that the inertial force of the 
vehicle occupant which tends to throw him forward is canceled and, thereafter, 
3 the decelerations of the vehicle body, the seat and the vehicle occupant are 
equalized. The peak of the vehicle occupant deceleration for a given deformation 
stroke is substantially reduced as compared to the prior art. Furthermore, because 
the displacement of the vehicle occupant inside the passenger compartment can 
be minimized, the risk of the vehicle occupant sustaining an injury from a 
secondary impact upon a fixed structure of the passenger compartment can be 
reduced. 

Although the present invention has been described in terms of preferred 
embodiments thereof, it is obvious to a person skilled in the art that various 
alterations and modifications are possible without departing from the scope of the 
present invention which is set forth in the appended claims. 



CLAIMS 



1 . A vehicle occupant protection system, comprising: 

a seat which is fitted with a seat belt, and supported on a vehicle body so 
as to be slidable in a direction of an input crash load resulting from a vehicle 
crash; 

a first member which is connected to said seat and adapted to deform 
under the crash load while supporting an inertial force of said seat upon 
occurrence of a vehicle crash; 

a second member which is connected to a main part of the vehicle body 
and adapted to deform under the crash load while supporting an inertial force of 
the vehicle body; and 

means for applying a forward force to said seat relative to said vehicle 
body with a certain time delay after the occurrence of the vehicle crash; 

the first member being adapted to substantially deform only after said 
forward force is applied to said seat upon occurrence of a vehicle crash. 

2. A vehicle occupant protection system according to claim 1, wherein said 
forward force applying means comprises a stopper provided in said vehicle body, 
and adapted to abut the seat when said second member has deformed by a 
prescribed stroke. 

3. A vehicle occupant protection system according to claim 1, wherein said 
forward force applying means comprises an actuator. 

4. A vehicle occupant protection system according to claim 1, wherein said 
seat is fixedly mounted on a moveable floor which is connected to said first 
member. 
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5. A vehicle occupant protection system according to claim 1, wherein said 
first member comprises a side beam, and said second member comprises a main 
frame. 
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